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£i± S IS" 0|.#2[ X1I2 i+»fllff Sttffe 71711^ 2Dhg ^EIE] S^fll £2M0i /HAIEIQi Si 

□-. -sgis ^ " : a2isfe s?i£+a sora« satio. ath ih^tK^s^, mz ^n s 2D[ 

fll« Strain .-SDhS sB1E| ORJEh 2lf 0I#2| ATSffll, SJ\tt a SDrJilM EDI-S' # 

EiEIE. ?HA|E|CH Si'LK E£h B S All AH (HI SSBS AhSSKM IHSfSS^Ei EI&, H^EI&ra 

BWDIS .'Kg. tJ-S ■«« SB B°l" 0FUEL 2^*«S¥B| 2D r g #EiE!» 7H 

AlEIOi -2Q.." 

b -was -si-L^t-a^'a^fl^a ^ 2g oi#°i ^iotm -tw*! ^itii^ sDrg #eiei 

■atJ-Aia^SAH :SI2S * SIQ. £52 #E1E| = ffl-EH 5>@S ^ a g^## 9D»K= ' Ql 8 

g^i-EF. ^ai^^^~, b was o§ a 2 ami— mi mmt\ tm^ J\n 

3 SEUS SaEfOTaS* OPIAI mM S£~ ?iW S°l ohU^ ^DIh ST^DIfe ttS -tt 

01^01X12 £EEhS # i~ El^ EE^ 1'sFEI^Il}- ^ E|& ^ t^M^ 01 

flS&-iK-5ir&7iBLHWI ^^^! ^^°^H^ ^£ OI^CHaQ." ^^Oil Ai^ 

BEIEICH -Si^ ^2 £AIM£ 3^ ( interconnect ion) El CH 71^^ tl^ ^ SMi SStTEK. ^Afe g 
^EIEII^ -(multilevel) Ahe^^^l 3^Q, 2^ S# 3^th M) 3^ 

g*»"»i-2.ai : H,':a QJis^ ^ s^tKxn3 ai^e o\±m^± ($m k.ebei 

n -SS- Oli+SW^a -S-S S^aiH (interlevel) SSx-ll^ £E|^ 1(HI ^01^ £0^ 

# eElAI^I^ Oil Aie^Eh c^0lt> Eli^M AfD]S| 29I g^StS HIQS Ahg 

H-£3« tSoliSEK B SAilAIOilAi ^H^^^Ai iH^u^ DR ^ «|4/7B9,64BS:0llfe DS S^ti- 

(contact)OI A«EICH 1LHIHI -SSS 3^ aiHllf ^Ah Af0|&il 371 2^01 ^S&EK g^ Hldra a= 
a"SjElBHT.I)VB:»EI& (TIN), &l h l (Ta)/ -tt^Olfe-^EI (Ai-Cu), »*Dlftrfi|.EI2 ^ (A 1-51), 

(Cu), g^ E J (•), w oimhj QiEi g^ a asss .«SB ^ ^o. g^ hiof a 

as Wife- BBfS!'£S HihEl^ (TiN) a(E^) EI& (Ti)ll- IT£ 2^T#0I AI-SEIOi g^#01 - SiOb J\B 

oiLS^iEK: '"s-siaiaoiiAi, s^r^ #2*! g^ a sio^h ^eu^ 2s"»n©fe nit s^issAi 
vfusi/fflta "-as.ssiHi soiai, g^t^ uroh ^ ss^ m e j^ g^ s^wi oichai tm*t?m 

^ 3Df.(CMP): B71ICHI EJtH ^S^Eh. 2*^£! ^§(HIA)^, b|0F %mi\ (ILD)M g^H 

iEE^ -BJEHi: -^ISSS ^^lEK OlDiAi, ItlEI^ a(£E^) EI^HF ^ ^ 
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35! g*ISD. H|Dh 2g0| sas as*B #31' TOA! TO^SD. SS*i£S, a- 

1T2J g^g g^sj 71711^ <*Ul (CMP)CHI 2IM 371EICH UIOW ttSSCh dIOhEJ 33 S(E^) 
CMP SS£ OR ^ 34,671,851s, § 34,910,1552 5! ^ 34,944,8362011 7HAIEI01 SID. 

»*i-5{ 71711^ 301- ggOil SiDiAi, 71 5£ gssfe 301- lES* *!g^3 ^EH CHI SID. 
^HEICH- ?| 521 01SCHI LWM Z'^m ?t*iU. 3D 3FS §3, HE S HIOIM^ SHEI3AI ftRWOI 
31 SOI CHoH SJ££ SAISEh Sa£|£A|E HBO|7a = S*T S °J§S g°^OI 201- Q 

EOil E5SEK gE1E| = 30hEI£ £S u^s-sho^ got SSs 7HAI&D. SEtt 3S£ 

^E1E|7h S|0|i£|/nE 7113011 3SEI7I [1H ^ CHI 7I5HHI EH^ IHE2] fflS §3 SDH °1tH SOISKW SD. 
SOfe S3a£-2J ^™t\^ 5*01 3711' [IPCT D\9} i*£ ^aio^ ^eiq, #BiE| CMP 3 

Til Oil M ojXhOltlK tfSWI, 3^3 S! §7ffl|E| 2^011 EEJ-EI-, SDI-g ^EIEI^ 3£ 

El 01 S^#(HI 2l^|°i SOS HSShSAI S3 Stf, 3! ^ Si g^lg sUlhAII] 4* SID. E 
th 3D© ^EiEIM AFStt£S« El & US-El & gjll- ST£ *!S 23 fl£ 71^011 AhgE| = Q€ «W 
MUCHI EHtJ" 3D 2 E -32m SI SB" 4* SAD. 

2*1 CMP <*Um #E1E|^ tfSS DH sLHOil SETS, £E[?|- E^ S^OIDS* STS 3*T SS 

g tJ-^t^Q. MM M3, £ (Vu) § (HI Til WOIS OR «W 35,244,5232011^ ^ 19§i ^ 371 
UF3AI M^7fe£t ^E^ §£B!e JOSfe Oil gg*h IT^OI D, 2F#S4± 3! 4£JSITM E~ 4=£!" 

srawniM shei^ mueich hd. s cvu) ^oiitii was dr ^ 35,209,8162^ y 

M JHAIoffi 2JCK ?hCie!! (Cadien) ffi (Fel ier)011>ll WCfla DR ^ 3 5, 340, 370s: CHI = ^ 0.1M 
iEte IHIElAlOmOlE, 5 ^El?h ^ 0^1^^^ itmh^ ^^ E J SD» -SBIE|« 7HA|uh 

H SiEh. 01-A-ilM^.HDI pHM ^ 3.5S ^l^^l ^I^H ^7^CK 

MOIffl (Beyer) ^011711 ^01^! DR 34,789,6482^ Sif, I'A OWMiT ffi BOI^^Eh ^l B 
^□IU 2Dh3M A^F~ ^EiEl HH&SOI 7H Ai El CH SID. DR ^ 35,391,2582 ^ 6 35,476,606 
2011^ ^ OHs, °' ^El^h 371 ^El sOl^M ^ ^ ^E!7^ ^ 

til SDI#K7I ««■ ^E1E|71- 7HAIEICH SID. CMP ttum MSt[?\ 9m DE 20h£ #EiEl^ L1l^ 
(Nevi lle) SOIITII-WOia OR ^ 35,527,4232, S'S Oil >11 ^OIS g 35,354,4902, 5fDffl! gOllTll 
^lOt^l m 35,340,3702, ° ^CHITl! ^W^! g 35,209,8162, DUl^J (Medel I in)CHI7il oHDI^ § 
35,157,8762, MBaOHTII ^Dj^i g 35,137,5442 a (Cote) SOUTH ^01^! g 34,956,3132011 
7IXHE1CH SID. 

Et-s VUm^ HI AhgEI^ CMP #E1EI^ 17H ojAi-oj ^^^Qj| [H^H V 

■g 30h ^Ef DDtfD^ ^01 °]A[E10i StQ. 3 30h -Si0,ft2| g^l ^ 

HIOI- il(E^) 3^*!' 21 -e±IS 0^71^ ^> Si^ 201- ^SohCHlAi gOlAISD E^ S33D. 01 

S-il^ 2J^H ^ Al-£! B71I <y# 2iifiW 4 Sl^ fe^.M ".^CfloHl SS'S 

S^Oll-MOiE E^ t|^2J 0^7IAm ^ Si^ UI(i^)SB UlOhS E^ g^tf'SOl :SS'&EK 

e&;.'8Ioiih aas^saa ei^°i, I'tfEi^ ^ w^oih^ej *m$± n?\m : m.s$pi -?i*h 2pe^ 
3 Dm Ahgui-^ as s^f^ef. 3EiH^, si^lhchi D&se : ^tm^ 

"4! : a«.Sl« HDhafe BM 5 ^EIEICHI EHtt fin 1 ^!- CUS^I ^711 ^!EF. WEfM, E1E!"M MD H^^^ SDK 

m~ cmp 3D»-#aa^ cmp sd« #biei7i- ^2 si^ t*t» 7ie 3^ daa-giiig-^ 

^oPl °loH £^£JD. 

71IECT, 71711^ 301-g #E1E1 ^ Z12J S^JlIM E^ fflS" gB SohTII Ei^ S3^°> EtS 

^ ^3M aOH^ID E^ sl^thofe H o^££ UH^ei^ S^7|- ^3^D. 

B l h g§ iM4^2ii i^% h 4= S^^ tm^ 71711^ ^Dhg ^EiEICHI 301 Eh; 1>[±m 

mm^-M ^%ti= 3 oisioii, 2^1-^^ ^ Qi a .ysas -as§fe atfoi si^ 

Dl OS 2!oH ^7F 'itShBia ^ DM ^EiEl 2§t|-A|7|~ 5101 Egg fe^EK 

e^, 'mm '?\7m #eiei^ w^oih m^m, ei^§ a I'thEi^M ^^7}^ ^es °?di- 

^ ^ 01^ ^oq^l 20I- 7OTSA1 El &, S HthEILHHI CH^H "WS EOK*!^^ DEfUj. 

D. 

EtJ", B Biy 7|7j|5| 3DFg #E1EIM A^fOI tSLH2J ^^?H2] 3D5|- 

^ S^OI ^ 301 D. 

m e^, R±m itmra, A^g 2 oil s^ti-^sh iti-Eioi s^ti-^^a^M ^tmi-^ zm*\ 

71711^ 20hg #E1EIM 3^W ^ Sl^ 71711^ HEHEI 2^-11 CHI ^ 301 D. 

s g. g2| H fe'AISEH^ 71711^1 -3 Dl-S #EiE|0|Eh. mm 71711^1 SDFS SE+Elfe 30K 

3, ^ 0,2 LHAi ef 10.0 ^lT%2i 31 tfSWf, 0.5 LHAI ^ 10.0 SSX2|\7ai2:-iffiha, ^ ^ 0.5 LHAI 
° c 3.0 gHXEj 1g OI^EJ ~J\MW> it^D. 7I71R #E1EI^ pH7h '2f 2.0. LHAI °f 

8. 001 01 Ut tlEK * 

B ^"SEJ EDE 4'AI^EH^ 3DI- ^SOIEK 01 SD1-3, ef 0.2 LHAI 2f 10.0 glfXEJ 

31 :^t|-3, 2f 0,5 LHAI 9f 10.0 SifX2J 32 >+Sffl|, 9f 0.5 LHAI °f 3.0 g^2J 15 Ol^oj o^a^ 
S frOlS^M ^t^l-OI tfe^j 71711^* --SDJS ^EIEIM S~ 3M itltlEK 01O1A1, 7I71R 3 

□hg ^EIEIM 715011 ESftHl, 7l52h ^DiE ^^2J El^#, 9S|0IE ^^2j S"»Q-g"' S *T* " 
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B B22| EDS tfAISEH£ 7I»2| gjDh g-gOIQ. 01 SSg SOfflL af 1.5 LHXI ^ c 30,0 
jtMm$±2.±. 2f 0.2 LHXI 2f 10.0 SlfX5J H2 tfSHI. ef 0.5 LHXI 2f 5.0 59X3 15 0|£2| 
9! l h 0IS4i gfjftK)l 7I71I5J SDIg gEIEIl 2= 21 # 5 tilt Q. 0I01A), SWB| ?I71I 

B SttSfe CMP mBIEIM «StO. 

a?a= Ahg ami ii^t^ish at&ioi i^a^^fii t*mm &Lm= cmp igii is*!- 



5 ITS 2] 01E1 H^tt AIAISFEH* £3§K7I aOO. g sma|0| Ah§H= Si gCHg g2|ShJQ 

r^^m^lSmftRSSaa MIS. ^#11^11^1,1 

B B32| CMP ^E1E|£| flAlgfEHOi/d, All ■U»S|*W= 2^tk^SiOIQ-. 21#Sh£i 

MS, 1.0 LH XI 12.0.SSK2I 3UH £^ 3.0 LHXI 36.0 SSXS| .a^SffliOil oH StJU-. 

2f 5.0 LHXI 2f 12.0 Sm g?ILH2| g£5 SXDSfe 301 bUf^lO. 

ah^S^ifiil ittffe CMP #E1EI = 4=2 g 0 -^ SOMA) fii2h 2kL^±i 2f 0.75:1 LHXI 2f 2:1 

s*|2j-buis avAia ai+s^ifii i+iwig isst^sMi uhvs sjek 

S ejg£j CMP sE1E| = 3502 £*KIB JitJtHIK HI 2 m\M = S! S^DIh «fg 

,.tfa» gams &a»M(Hi?ii sxis a2i2i pi#m niig ^ +mm 3ora^ g- 

i^#s § ?fs sit sa?™K w&kimfmJBttfi 
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Btt ttmi 2|«| 5^?12S, ^ msmmm (de-agglomerated)!' 4= SiQ. 

S3 SDWife US (i«S) d- Qff 82*121 StfSKHI 4=S OHHS^EI S?S)S1= SA>°1 

!*&%l?&1&3r<£U.% imiS 3 ^ 0 " 1 SI|SJ S4 '° J a " ° 

UH,^*t 2^ ^5HS BETS ^^CHXI^ S^biCH (S. Brunauer), (HI DIM (P.H. Ernnet) S McM 
(I. Teller)2J (Am. Chemical Society, »60S, fl|309 3HI0IXI (1938^))°S 711 dtJ- 132)01 2f 5 

?hip £ S S ly^JZg S Sg ¥ El 5) g g£M &S0| IX OlEh UH^sffll^ 0.01X 

0|£)tt flAlgfEHMAI. mm <2UtM= S£ 1.0 DIHg DIEJOIH, 85 §2 

m 5] 2 01 °f 0.4 DISS □ig-OIDI, SQffll S2SM A)0|H| & DIM ate tJOfl enWKM 01 tJs 2^5) 

7icHi §g*f tie ^ ^ mm ssis oi^oiaa. oiatr ^sis gora^ ^hehs, mm. 

g 4=5^01 SA>M AhOISJ & 01 a <g± tJ0)| «^H31 01 tJS ^««K7|0|- SttftfOtOt *H>£ 2|D|0I 

sag urerat!- tfAisfoioiAi, <y-f)g 3omi= w ej» 2)301 0.4 oiae (400 ™) Disjoin s 

S5j0| ^ 10 mVg LHaI 250 mVg BWUI8! ttEIS 5H»8-3*r tfSS'BXfS 4= SiQ. 

s assr cmp seisin a stttt 4= SIQ. «£2| %7\±K S! 01 

e&& A e iifl5. s=f -i .w^v^ jfas^si. w ^ 4*° 

«'£! SI 08/644,5093:011 7HAIEIO) SIHDI, OIB £ S/IAIHAI ' SUStTSSAI M^Hll. HH^t* S7I 

-AiAhoiLK *MJ£K)I INPOIhEJ 133-SflS S^AlgJCfe 31 HtllO) : -Bra*ra£D1. 
£E?J- $?£!#2| X1I7)M ejflAJSQ. 

UE 20)g #E1E! §7WI7h s s^5j ?|71|51 30hg #9301 SSS 4= 21D. *^hAI 

i*. m&, S-ShS, ^MS, LI-EMS £E^ QS ShiTS Si °J^§2) SFOISgOl IDSD. 

100 ppm LHXI ef 5.0 S§X g$|£) S^H^ SOIL). Ig 01^21 & WSSl CMP #E1EI 

OJ §7)S1^ S° S^S aiHtr 4=E 
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& ago, GMP #&E|2| pH= CMP 5§M SOISPI SPI Sf 2.0 LH XI a* 8, HHJS!*M= Sf 

3.5 LHA"I 2f 6 g?|LHS SAIEI^ 201 HBfSHNQ. ^Xll^S^, B »32| CMP SE1EI2J 34 iSef 

s# tjsera a- e^ s^im Aigm^ 201 sasfe smoi b wssi cmp #eieilhs es 

El^ 2M EISI-S Oil dfBSlSHIK 

a Bfg2) awS VUm fr£IEI£ SihElE* (TiN) BWDI& tM? § X mt\ Al-Cu S^SWI CH 

SB 52 3DI- OHJ3- EI& (Ti) 2DI- ^EM #£Q£ ECID1 irasraQ. HEW. 

S^Sj ^17)15} SDhg sE1E|= S3 19#0il CH«| HH,^^ 901 4EM LHEKSQ. 

[Al-Cu:Ti] SDh a E -*!2 S! Al-Cu CH TiN [Al-Cu:TIMJ SDh flBISl UEItfa §A|(HL B ITS °T CMP 

seiei^ oh^ saa (Sio,) goi- ^e, nn^sffli= 40 A/g oiejsi sm r sdi ^em UEm 

swmRM « si^s&'ffi vh assise we 

a &S 2J CMP mEI E|£J tf2| E^ 2?H£| ■■ «3| SflXHMI & tt ^ SICK 

S ^S2J CMP s El E| = OlAht^i SDh ^EM ° c 40 A/g MCI £711 g?W?IXI= SfeCh 

i-A^i^cj^i^i^i'ig ajhsj m*fim m i 

awes a.n« a sir 4 2Ja. 

IM^iaii -5Ett«fe B sfgEy CMP # El El ^ A^gSPI 33011 Si m H2J2I Chg sEIEI 

&s asjsj lie m?mm si t*s ^eiei a^aoi $ ao. 

b ^ h s°i 7©/hwsi^ eaa'a^Mfe fe^i thais 221. ^ 2.0 lhxi ef 24.0 ssx 2i, as § 
j?diu, hisw^sh s ^aa-ej ^ga## 5*^ek 

5S- CMP a El El Al^g^ ?JIO|H°J ^^o[^ S^S^Oil AhgSPIOil IS 3DK:tf HI 
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^ AhSSCh 

Ul^tl 5S Al^gjg ENPDILL &±, HFi^^Se SI ^£!tfS ^t^t\~ CMP #EiEI g^SIM 5*> 
M\ EJ\ 3! 2r#£K^M M2 5**tMIr. SIDh ^1 XI CHI AH , DP S^H2f lr£Mr^ 

3DHT W ^§9 It^EICH B WS^I CMP #E1EIM HIStHIh 

B SfSXHS 2g°l £!Sr*IIM iE*m= CMP £&E\?t El£h S&EI& §j Al-Cul ^^t[~ Erg 

1 ^?ES 2DH^ 4= S!£DI, 01 W £2#0ii CHoH ^Hg^feti- 3Dr ^E# UE^Cfe 3M 

EE1CH ^2o^Q. 

B ITS^ g^l A r §5l~ HUffi^ SB S3 OHJEh B ST92I HrH"*!^ 6IAI3EHS Ur?l 4'AIOIiM 

B fi! AIM 011*1 = , 4.0 Em HTO2h, 3.0 DR HEIhiOl^ £gEr ?HSM 5 

5BiiO|^ (Cabot Corporation)^ DhOIHSS^Egbl^ CHE|E|g:6 CIHIS (Microelectronics Materials 
Division)OI Al*m r = SEMI-SPERSE (^£> h £) W-A3552I, 5.0 EWt ttS i^DIU 3 DM, SI 0 E= 

3.o gm itt*z&±m 5*j-&kq, se-ieiej uu\x\~ iroig^s 2g°i cmp ai^ks 

CMP 3D I'M 4>SmSD. #EiE|2] pH= ^M^ShI AhSSHDI 5.0£S SgSrSCr. 

cmp m&E.\m s-wn 2000 A3 ti sus m e J51 snoiaoii E^maa. siioiium ipec iE r Le (ipec 

Planar)Ar^h HI 3ft!" IPEC 4?2 S^CHl flXIAIKCK BIOIffltHl 73.5 atm (5 psi)£| SO**, 45 rpm^J E1I0I 
g ^tE, SI 60 rpmHJ ^Sf ^EM ^rorSEh CMP #E1EI# ^HAr (Rodel, lrc.)?r Hl^ftj- XM6H 1158 
HEWI 200 m I/&2J E5mSEh 

ll-^tr^^M SSSW Sfe CMP aEIEIEJ E|& XiITi ^E= 8.6 nm/MOIH, Al-Cu/EI& 23 S 

0- HQ. 3.0 £18 Hl^ffl^g H^mS CMP #B1E|BJ E|& MTi 200 nm/^OIH, El&/Al-Cu 

d E -*]2£ 1:10121 Eh ^ Alt! CHI Al, Al-Cu M7\ 2f 200 nm/MOI21Eh 

fiAIWI 2 

B 4'AIOjlOilAi^, B Sfg2| CMP ^EIEI^J W^DIh 3Dr ^E SI Ti, TiN S! SiO^ ^q^Oil EHtt 

= pra shi-m s^msEh b ^aimoui^, as £g • 4.0 mm iiw^h, 3.0 ^ 

3.0 Slf% ]lrd-sr^^, SI 5,0.i^ W<2 ^OIU 3DrX| (W-A355)M ?>H, UCHXI^ ^0!^^2J 
B ^ K SBJ CMP #E1EI1 A^raD. #EiE|2j P H^ 4=^Sh§ AfgUhOI iguhOI 2g^J #E1EIM 
^^HDI, Q1 mEIEIEJ P H^ 3.5DIH/.a2SaE|2| pH^ 5. 001 2D. 

CMP Al, TL TiN S! Sift MIS 51 3119 SlOlfflOII E^m^EK ?IO|ltlM IPEC 472 g^Oil 9\t\ 

M9\H, 73.5 atm (5 psi)2] SFSq, 45 rpn£l EOOIg ^E, ffi 60 rpm2J ±BM ^EM ArEorOl SDWI- 
55 EK CMP aEIEIM XMBH 1158 EH E Oil 200 ^Eg E^^EK 5 1 0il B ^'A|01l°j 

fi R^fEl-Eh. 





P H 3 .5 


pH 5.0 


Al HITi ^E: 


350 rm/^ 


600 nm/£ 


Al WIWNU 


7.6% 


14% 


T i CHI CH*> 


1.72:1 


1.61 :1 


TiNCHI [Hti- ^ E -1^ 


1.79:1 


3.9:1 


SiOrCHI im 


88:1 


n/m 


□ 61 (dishing), 50 mid" 


57 nm 


40.5 nm 


□ 3 (dishing), 128 M m" 


198 nm 


164 nm 


Q | 


65 nm 


54 nm 


* IHfe AlCu 1.5 El^^i 750 nm^J ^7| S0|# 71^^ t>-. 


** AlCu 0.8 Km ^ 750 nm2J SOIM ^15^^ tJ". 



£t?\ S 101 ^HAI^I SDh ^IS^EI, B CMP miiE.\7[ pH CHI Ai ^^FQ^ 5111 

o| & 4^ 2iQ. 

tiAIOI 3 

B 4'AIMCHIAi^ E|^ s^qii [H^j- B CMP #EiE|CHI CHzl i^^^ slhP SA^r^EK 

B ^AIDllOil^, 4.0 §m HI-E^S-Eh, 3.0 ^i^, 3.0 SIR Hr^tr^^, 5.0 i^ W^U\U 

SOI-XII (W-A355) a ITO|s^ Oi^OjAI^ CMP #EiEIM Af^h^EK CMP ^EIEIM OmiiMEl 
DUl&iit^^^e §^oH2A1 3EIH ^^hor^l ^3Ai S^ltl-^ 10il E2Joffi> AH SOI E32| 
Ti 3^01 SXI^I Al 5£ ^CHI 27ltr^ ?l#0il Bj^H #§UrSEh. E^^^OI Ti ^MM ^ 

HA|?|£ 5!M UEKH^ ^IrM 3^1 i 2011 fi^Q. 
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[M2) 



scia pH 




Ti soil ^Ec ( A/-^) 


J.b 


n 
U 




5.0 


0 


6.0 


5.0 


0.1 


3.0 


5.0 


0.5 


1.3 


5.0 


1.0 


1.0 


8.05 


0 


68 


8.05 


1.0 


3.4 



mm g aidii 2i xin Ahtt-sii si «i 2 tmnm str&i™ cmp seiei;?i- aw etois g^asj q 

£ #°J 9DHHIAI = pH BflWAI SgSHII-= 21 S UEMLK EE*h 01 life £ CMP 
El CHI ^g^ilM S^fe 7I52I 3^*2| »4S eiHAiaOS 3£ UEKJSQ. 

£AIM 4 

£ £A|Q||0||Ai^ CMP ^SITfflSAIS] ahy-»^££L£ S! HliHtl-^Q. 

e ^aiohoiiai^ 2^°j ^ax-iisi aizkhi roe °t§£# UlIKI-SCh 

QS 22^ ?>= 4g2J sBiBIM DH s (BTOIS^) eOilAi HlSohSa. 2*2|2| #EiE| = SEMI- 

sperse (^^^5) W-A355 e^oiu &&mm M%t[o\ m^tin mo\^m Ai-g^foi 5 mm s-^di u 

SE1EI A: 5S U^DIU, 3% [HP], 3% ^t£!#, S3I2I pH = 3.50. 

#EiE| B: S% S^DIU, 8.5% HW+S^fi^ [UHP] (9f 3.0 HAOil fiHSt]-), 3% S 

BH°J pH - 3.55. 

#EiE| C: 5% tWDILj, 3% 2^£h£^ [HP], 4X aSilSfiH, 3% £!BH^ pH = 4,00. 

mEIEI D: 5% ST^DILh 8.5% IH^IK^S^ [UHP] 3.0 ilfX ^£ -HAM *H2t», 4% lf^° h 2 

h, 3% SEH2I P H = 4.00. 

^EiE| A a BM 4'S'MAI 7^ go* #E1E| A a B2J A|S2| P H1 $7|S|og S^SHM ah 

£ g 0 ^ aspire ^goi-oi as ah^aesi ^guraa. n g^g gy?\ s. schi 



M1EI A a BBJ oj-gAj ^ 





S3 HA % 


PH 




sBiEl A 


sEHBl B 


^EiEl A 


#EiE[ B 




HP 


UHP 


HP 


UHP 


0^ 


3.35 


3,28 


3.50 


3.55 


1^ 




3.30 




3.48 


2^ 


2.85 




3.62 




3^ 




3.24 




3.52 


5^ 




3.12 




3.49 


7^ 


1.82 




3.54 




1^ S" 15 


-0.22 


-0.03 


0.006 


-0.012 . 



a. 

#eiEi c s D2i nmsm ss, 2n.^s d.nffli°j #s a phi ^it^ y^e^ got ^gs^D. #eiEi 

C S D2| £l-gg 8PI i 40)1 UEI-yjQf. 
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gel El C S DB] gl-gg 3^ 





&2 HrOr % 


SSttS % 


PH 






— ?-ipi n 

s Hi C| u 


— ?4Pi r 

s CI CI U 


s t_l C| u 


BUM L 


— ?-ipi n 

s CI CI U 


od 


J. IU 


O.Li 






4 . UU 


a nn 


18) 


3.13 




4,09 




3.74 




2D 


3.08 




3,73 




3.61 




3D 


2.96 


3.21 


3.15 


3.89 


3.26 


3.90 


4D 


2.90 


3.14 


2.69 


4.16 


2.84 


3.86 


5D 




3.15 




4.18 




3.86 


6D 




3.09 




4.06 




3.81 


7D 




3.06 




4.02 




3.77 


IIS 




3.06 




3.98 




3.68 


ID S S3 a 


-0.05 


-0.01 


-0.40 


-0.01 


-0.29 


-0.03 



CHEhAL 2g OI£f°J CMP SEIEIOUi £J"5ffllSA| 3EIH 

ai e<= sremoi, Ai-tra £^oi aoi a^uk?i oiei y sou nh^sw^fi^ eaas 

AIM 5 

C 3! D2J 2Dh gAIHI 1011 ?HA|£! BBM [&E> SC^ohKCh 2dh g2hS oK7J 5 5 
Oil LfEKSD. 



#eiei c a 02j sm. gah 





^e-iei c 


#EiEI 0 


Al ^E (S3) 


4922 


5195 


TIN ^£ (S3)' 


3724 


3767 


TiNOil EH tf' 4! SI'S . 


1 .32 


1 .38 


Ti ^E -(B3) . 


2754 


2772 


Ti CHI ffl'th 


1 .79 


1.87 




97 


67 




50.9 


77.5 



9Dh S2E-i?EI, 2g°l ft5iEI = 5^ D|E1 ^Um^ HI SH^OIE^ Sit D 4= aQ. EE 

th ^di^£fi>«K5eiS 0EiEI 2^S-*± *f° #E1E| C >:HFM#CHI l\\M □ 

b 4* aas soi oism aom. e arsa s^i^ ^-sbj ^ s ^ ^ai ohdhi phai^i e s ^ 



£ ITS CHI tCF^S; aEIEI S^iil ^ii ^ Ett, S SAflAIOI 

^iJia ^ii Ahg^hoi ^ie^^^ei ei ^ma& a d^dih t,^ mm n^v ^ si^a, 
fe^i s^as^ETEPis #3Eig ^ aa. 

(5/) 

1. *«;DHS., WiMs ° c 0.2 LHAI ^ 10.0 gH«2J gi Ahs^ll , ?f 0.5 LHXI ^ 10.0!SSX2J 
«I2 S'-Sf 0,5 LH XI ^ 15.0 1§ 0I#2| S?\&m *%mu\, pH7|- ^ 2.0 LHXI ef '8.0 
g^lLH°l ?\7\m 30hg #E1EI i^i. 

2. *ii i^chi acHAi, siii mmm t\Bmg &umm mm m oi^ i^^ai 

2! -5SS.. 

g^* h 3. X11 1 2^011 °lCHAi, Sill ^f^lP^ ikl^M>:£, S^sl-^^fi^ ^ Zl^J S&SS 01=01 
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m=m 4. gora, a#a4£fi£, a is oissi ^12 tmnm stjtfe tm^ SDi-g ^ei 
bi zsm. 

5. »4*khi sjoial 491 i^m^±R±j[ 491 ^mim 1.5 ggrs lhxi 30.0 b?ilh 

6. HlBtKHI SiOiAi, 491 Sh^K^S^!- 491 22PLHfHI 5.0 glF% LH XI 12.0 ggX B^ILH 

*^t> h 7. a IS 014^ SI2 irsWIS SEttfl^ 71711^ gDhg #£1B| £j^x|| 

g^t> h 8. XIIT^tHi SOW, 49>l £2M0I 30tfilM Li 

9. XIII LH A| m S 0\± tl %m\ SICHA1, 491 ££M0| *f 0.2 LHXI 10. 0 SlfXEJ HI 2 & 

«^»»- io. an lht^i 9^ s oi^ *t *hw hchal M2 &mmyi amsmom s, paflaioiM 
ahim^mioiM 3, ejrfflgniioiM ^, si oim°j oi^oixi^ 3hs^ei is 014^ 

g^th 11. Xill LHXI 104J- S Oiii *t 4MI SJ0U1, SI 2 £_mM7\ 2H|-^2h°] 

12. LH XI 8U- 3 CHhi * h (HI SJOUi, £91 £2M01 IS Ol^^j °?|#» Q Sfrtfe 2. 

3S. 

13. at12*KHI SI 01 Ah 4»9I £9I£MD| 4^1 2SSLHM 2f 0.5 LHA1 °f 15.0 SSX g?|LH 

14. HI LH XI 3, 12 'a 134* S 01 hi tMHI SiOlAi , £91^01 ^AiAhoj 

15. Sill LH XI 14^ S D\!=l tt %W\ StCHAI, 491 ig^OI IS OI4>°J TJSSSfllS □ 3fct»|- 

g7tM6. Xil 1 LH X] Am S Oihi tl tMl 21CHAL 491 £2MO| IS 0|^£] gSIMIM □ 5*^1^ 

17. HI LHXI 6 a 8 LHX1 16tJ" § Oihz tT W\] SiCHAi, gCH-Sl^h a-S-sS! 
S^tT 18. SI1 LHXI 6 B 8 LHXI 16tJ- g Oihi ^ t>^l 5iCHA1, SDhBl^h ^^g2J 

19. . 7H1 1 7 18^011 2iOiAL =^ tmm 20^1^1- ^Ji ^^^h ^ 1.0 UIB.E DI^OIH S3 
gS# SJ30I ef 0:4 OI3E Dl°t°l ^ d"S|-S ^SM^ 01^01X1^ 31°J 

g^t> h 2D. HI17. '£ES IteHHI.aCHAI, ^ SOhH^h 1» SSOI 0.40Q-DI35 DIS!0|II 

01 ef' 10 mVg LHXI 2f 250 m'/g S£|LH£! ^Bl^! OI^CHXI^ 51°) .2SS. 

21. 73117 LHXI 19H- S CHiz *h *HHI SiCHAI, =^ 3DW2I £2^01 5 mVg LHXI 

° c 430 mVg g?iLH2l -.2S'S. 

.«?»22. fl|20.£E=- 214HHI &OIAI, SDW-D°| i^^OI °f 30 mVg LHXI ^ 170 mVg g 

mH°j ^^m. 

g^?t> K 23. X1I17 LH XI 22* h £ Oiii ^ tWI SiCHAI, ^1 9jDWI^h 
a ^2 ^thM PJOI-Xil^ OI^CHXI^ 5^^^Ei 2iPJ i^M. 

a'^S--^, H17 LHXI 23*J- § CHhi ^ '*HHI SOIAL ^ £t&S ^DIU, Ail E|0K Tll^DI- 

UOK ^£I?K EIEHJOI-, X|^3L|OF a OIM^J SBBS it^fe 5^^¥Ei Aj E ^=J 51°J 

a^tl- 25. H:17 LHXj 24t, h ^ Oiin *J- ^CHl aCHAI, °jOhXil^h «EI?K SWDILh a OIMHJ ?tf g 
OI^CHXI^ 3^S^EI 5gf . 

2B. X1I1 LHXI 6 a 8 LHXI 25SJ- .S Oihi ^ t^(HI SiOlA-i, PjDhai^F ^ 1.0 LHXI ° c 9.0 
S^tf 27. XilliKHI ^CHAi, <*UtMJl 1.0 Sl^ LHXI 9.0 S^ILHHj °J£5 ^Htfe ^DIUOI 

an irsa^i- o;5 eg* lhxi io.o"5i»'a«LH2i sxn^fe s^t^^oioi, »2 tmmyy 

0.2 LHXI 10.0 mm ^^ILH^J ^^HeOlII, ^7|AhD| 0.5 LHXI 5.0 

g?|LH°J £Mtt= ^AiAhoj ^^p. 

28. ai4*KHI SiOlAi °jD^I7h 1.0 glf% LHXI 9.0 SSILHBj SXHSfe &^DIU0I 
II, 2^t^fi^7K 1.5 %m LHXI 30.0 g?|LH^J °tog ^?;HohD1, XHI2 ^ffll^h 0.2 §m LH 
XI 10;0 -S6F% S£ILH£J SS'S ^XHBI-^ lh^^aH°J S^M. 

29. a2BSHHI SiCHAi , 49 1 £2101 0.5 g^S LHXI 5.0 §m □ itJth^ i^M. 
g^t!- 30. H7 8£HM 2JD1AL 491 SSMOI ^^]^# Ei it^fe 

a^*»- 3i. aaou-oy sjoial a^^h 2.0 sifx lhxi 20.0 s^ilh^j ^xn^m, ai2 £_m 

MJt 0.2 S§X LHXI 10.0 SIR ^^ILHEJ ^XHs^ IF^^ShOIDI, ^71^01 0.5 SlfX - LH XI 

5,0 §^ &?ILHHJ g£g ^XHufe ^<M^°J 
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g^tf 33. (a) 17, 8 5! 30 LH XI 32^ S 0\bz fcj 2SM2f Hh^S^M fii tH 2^2|- 

4=i£J MUI 0.75:1 LHXI °f 2:13 5lM0| 20fg sBIEI igfi 9711, 

(b) 3Dhg ^EIEI 31 3W £3*^ B?1I, 1' 

34. (a) mi LHXI 32s!- § 01!= tJ- 3>IXHH] SOhg 3IS0I 9711, 5! 

S^&wl^^ a«iass«i Jisss^H *ioie si* 

i^f" ^s^p^jj^if 3o*f "»* MHI 2iCHAi ' 31501 1&EI&SM Q 5tj§hi3 ' ^' si€| - h ^ 

§^ 37. 751133 LH7JI 3m § CHhi *t tHHI SiOUl, S^SJ 317113! gQhg gEIEIM ME (HI E5*t § 
I|E-?K3l5af £)4E|7|| Sfe gfg. 

38. (a) 7317- 8 3 30 LHXI 32s! § CHi=i *t *f 3IXH2J igii SsJ-SI^ fl|1 5! 

(b) Ii.^ii SOThS 392 g?| 

m 31711^ 30hg Igf?) 7H^ (multi-package) AI^S . 
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